Background: We investigated an intensive care model for acute critically cardiovascular emergency patients in the emergency department (ED) as compared with those in the coronary care unit (CCU) after ED visits. Methods: We performed a retrospective cohort analysis of patients with acute cardiovascular emergency admitted to the intensive care unit in the ED (EICU) or CCU from January 1, 2010 to March 31, 2011 in an university-affiliated medical center. All clinical characteristics or predictors possibly related to in-hospital mortality were documented, completed, and measured via electronic medical records review. The clinical independent variables with p < 0.1 in univariate analysis were further analyzed by using multiple logistic regression. Survival analysis of the predictors for hospital mortality was assessed by KaplaneMeier survival curves.
Introduction
For acute critically ill patients visiting the emergency department (ED), initial resuscitation and stabilization, followed by continuously provided specific critical care treatment are mandatory in modern medical systems. ED visits increasing, 1e3 and the challenges of ED care are numerous, including overcrowding, increased length of stay (LOS) and boarding time, even leading to some critically ill patients receiving delayed admission to the intensive care unit (ICU). 4, 5 Increased hospital LOS and higher ICU and hospital mortality are associated with delayed transfer of critically ill patients from the ED to the ICU. 6, 7 Therefore, providing a continuously high quality of critical care to manage acute Conflicts of interest: The authors declare that they have no conflicts of interest related to the subject matter or materials discussed in this article.
critically ill patients from ED visits through ICU care is one of the core contents of emergency medicine practice.
The care or intervention provided during the ED stay for critically ill patients significantly impacts the progression of hospital outcomes. 8 Svenson and colleagues 9 reported that critically ill patients received critical care procedures commonly performed in the ED while waiting for ICU admission. A significant proportion of critical care 10 and typical ICU procedures 11 were performed in the ED for critically ill patients. For patients with acute cardiogenic pulmonary edema, hypoxia, and severe respiratory distress or failure, noninvasive positive pressure ventilation may not only improve outcomes 12, 13 but also help to avoid intubation and ICU admission. 14 However, there still remains a high risk of clinical deterioration in patients with acute cardiovascular emergency, with few if any signs of improvement during their short stay in the ED. Having a continuously monitoring system and interventions for acute critically ill patients has become imperative, especially for patients with acute cardiovascular emergency.
The main purpose for establishing an ICU in the ED (EICU) was to meet the need of quality care for critically ill patients, who might deteriorate rapidly or progressively in an overcrowded ED with prolonged boarding time. In addition, a lack of specialty ICU beds for acute critically ill patients, either from inpatient units or ED, would be associated with increased ED LOS and a delay of quality care.
15e17 Thirdly, to improve acute critically ill patient outcome by reconstructing an observation unit into an EICU setting that were equipped by a monitoring and intervention system, and intensivists, including reasonable collaboration with other specialists to be responsible for the care of all critically ill patients while waiting admission.
In a previous report on patients with cardiovascular diseases, the leading diagnoses of patients staying at an observation unit are described. 18 Early implementation of intensive monitoring and therapies, such as short-term noninvasive positive pressure ventilation for ED patients with acute cardiogenic pulmonary edema may improve outcome. 12e14,19 Our previous article demonstrated that cardiovascular emergency patients occupied approximately 13.3% of EICU admissions in a 1-year study period. 20 However, the detailed clinical characteristics and outcomes of patients admission to the EICU as compared to those admissions to the coronary care unit (CCU) still require elucidation. Few articles have aimed to investigate the care model of ICU settings in ED, especially focusing on cardiovascular emergency patients. The hypothesis addressed by this study was that providing continuous EICU for patients with acute critical cardiovascular emergencies had a similar quality of care compared with those patients admitted to the CCU.
Methods

Study design
This study was a retrospective analysis of prospectively registered patients aged 18 years, with cardiovascular emergency admissions to either the EICU or CCU by way of an ED visit. The Taipei Veterans General Hospital, a 3000-bed, university-affiliated medical center had an annual ED mean ± standard deviation census of 85,500 ± 4520 during the past 10 years. The hospital's institutional review board approved this study with a waiver of patient's consent (VGHIRB Number: 2012-02-024AC).
Study setting and population
Our study recruited patients with acute cardiovascular emergencies who visited the ED, and thereafter needed continuous ICU admission between January 1, 2010 and March 31, 2011. To verify and avoid missing potential participants, charts were cross-checked for coding with the International Classification of Diseases, 9
th Revision, clinical modification coding numbers: 398 (rheumatic heart disease); 401e405 (hypertension); 410e413 (myocardial infarction); 414 (coronary artery disease); 415e417 (acute pulmonary heart disease); 421 (acute and subacute endocarditis); 421 (valvular heart disease); 425 (cardiomyopathy); 426 (conduction disorders); 427 (cardiac arrhythmia); 428 (heart failure); 429 (cardiovascular disease); 441 (aortic aneurysm); 458.9 (hypotension); 785 (symptoms involving cardiovascular system); and 972 (poisoning by cardiotonic glycosides and drugs of similar action). Medical charts of the patients were comprehensively and extensively reviewed. Exclusion criteria included the following: age < 18 years; those who died in ED before hospital admission; those with do-not-attemptresuscitation orders; and charts lacking certain important information (e.g., 7-day and hospital discharge status). Patients with acute cardiovascular emergencies were initially resuscitated, diagnosed, and treated by emergency physicians (EPs) in the ED and were simultaneously consulted with cardiovascular physicians, who collaborated with the on-duty EP to conduct emergency cardiovascular interventions and hospital admissions based on individual patient clinical necessities and hospital admission resources.
Both EICU and CCU settings
The primary goal of the EICU setting was to implement continuous emergency and critical quality of care for critically ill patients who cannot be admitted to a specialized CCU immediately after initial ED resuscitation and stabilization. The EICU contained 13 beds, was located within the ED, and had been operated since 1994, complying with the regulations for an ICU setting issued from the Ministry of Health and Welfare. All EICU patients are limited to ED patient admissions only. The EICU was staffed by EPs, collaborating with other specialty physicians who thereafter will be in charge of subsequent patient care. All the staffed EPs are boardcertificated intensivists accredited by the Joint Committee of Intensive Care Medicine in Taiwan. The staffed EP performed a clinical round every day for all the patients in the morning. At night, the on-duty EP also performed rounds for all patients at the beginning of their shift and then worked in an adjacent area in the ED. These scheduled rounds occurred twice daily, with dedicated round time taken for patients' medical needs. After rounds, the EP was available to reevaluate patients and make dispositions as needed. Both on-duty residents and nurses collaboratively facilitated patient care around-theclock. Nurses staffed the unit at an average ratio of one nurse for every two patients. EICU patients were re-evaluated frequently, and a first priority transfer to up-floor specialty intensive care units was performed if a bed was available. On admission to the EICU, a routine data sheet was prospectively maintained for all patients, which included patient identification number, age, sex, admission diagnosis, and subsequent disposition (including transferred to other specialty critical care units or inpatient units, expired in EICU, or againstadvice discharge under critical condition). The operative system in our EICU is a semi-open model that both EPs and cardiologists cooperatively take care of all patients with cardiovascular emergencies. The CCU is completely supervised by cardiologists, with a similar operation system, including medical personnel and equipment, fitting critical unit regulation by the Ministry of Health and Welfare.
Study protocol
Once the patient's data entry was started for both EICU and CCU registrations, all patients were registered in a hospital patient database. These data were then entered into a Microsoft Excel database for later analysis. Variables possibly related to cardiovascular emergencies and variables needed for this study were defined before abstracting data from the data bank and medical charts. Two trained research authors blindly entered the abstracted data into the new data bank used for study analyses. The patients' characteristics that could be collected shortly after ED arrival were abstracted as variables for determining prognostic significances. The variables used for comparison between EICU and CCU admissions included age, sex, Taiwan Triage and Acuity Scales, mean blood pressure, Glasgow Coma Scale (GCS), admission time, admission day (weekdays or weekends), Charlson comorbidity index, Acute Physiology and Chronic Health Evaluation II score (APACHE II score), 21 main diagnosis at admission, ED LOS, hospital LOS, 7-day hospital mortality, and in-hospital mortality. Based on hospital outcomedsurvival or mortalitydwe further compared all documented clinical characteristics, possible predictors for outcomes, within the individual group and also between groups.
Statistical analysis
Statistical analysis was performed using SPSS software version 15.0 (SPSS Inc., Chicago, IL, USA). Statistical tests were two-sided, and the significance level was set at p < 0.05. Data are presented as mean ± standard deviation for continuous variables and as a number (%) for categorical variables. The distribution of the data was assessed with the KolmogoroveSmirnov test. Comparisons of numerical variables were performed using an unpaired t test (parametric data) or the ManneWhitney U test (nonparametric data). Comparisons of categorical variables were done by Chi-square or Fisher exact test. Cox proportional hazard model was applied to assess clinical predictors of in-hospital mortality. Variables with p < 0.1 in univariate analysis were further analyzed using multiple logistic regression. We performed survival analysis to assess the association between APACHE II scores and the 7-day and in-hospital mortality rates using KaplaneMeier survival curves.
Results
Clinical characteristics of study patients in both groups
A total of 964 patients were recruited in this study. Of all patients, 328 were enrolled in the EICU group, and 636 in the CCU group (Fig. 1) . Table 1 presents the demographic and clinical characteristics of both groups. Compared with patients in the CCU group, patients in the EICU group were older; with significantly higher initial APACHE II scores, Charlson comorbidity index, and longer ED and hospital LOS. Patients in the EICU group also had higher percentages of non-STsegment elevation myocardial infarction (non-STEMI), congestive heart failure complicated with acute pulmonary edema, pneumonia, acute respiratory failure, and chronic obstructive lung diseases with acute exacerbation, respectively, ( p < 0.05). Patients in the CCU group had a significantly higher percentage of weekend admissions, STEMI, arrhythmia, complete atrialeventricular block, and acute renal failure ( p < 0.05). There is no statistical significance in 7-day hospital mortality between groups of patients, whereas the EICU group patients had a higher percentage of in-hospital mortality than the CCU group, ( p < 0.05). The average EICU LOS was 34.0 ± 38.5 hours, about 1.4 days. Up to 56.7% (186/328) of patient admissions to the EICU were transferred to CCU, 9.8% (32/328) of the EICU patients were transferred to medical ICU, and 31.7% (104/328) of the patients were transferred to inpatient units when their clinical conditions stable. Of all the EICU patients, 1.8% (6/328) had died during the EICU admission.
Outcome-based analysis
Based on patient outcomes, in-hospital survival, or mortality, we applied univariate analyses of clinical characteristics in patients admitted to both EICU and CCU. Table 2 showed clinical predictors to in-hospital mortality in patient admissions to the EICU, including elderly, poor GCS, higher initial APACHE II scores, higher Charlson comorbidity index, higher percentage of congestive heart failure (CHF) complicated with acute pulmonary edema, pneumonia, and acute respiratory failure, respectively, ( p < 0.05). Table 3 presents predictors to in-hospital mortality in patient admissions to CCU, including the elderly, had higher initial APACHE II scores and Charlson comorbidity index, poor GCS lower mean blood pressure at ED and a longer hospital LOS, higher percentage of CHF complicated with acute pulmonary edema, pneumonia, cardiogenic shock, out of hospital cardiac arrest, acute respiratory failure, STEMI, and acute renal failure ( p < 0.05).
To further identify clinical factors associated with survival and mortality, we compared all clinical characteristics between both groups. Table 4 demonstrated that survival patient admission to the EICU were more elderly, had a higher initial APACHE II scores, Charlson comorbidity index, a longer ED stay time, and a longer hospital LOS. They also had a higher percentage of weekday admission, Non-STEMI or unstable angina, CHF with acute pulmonary edema, pneumonia, acute respiratory failure, chronic obstructive pulmonary disease with acute exacerbation, and urinary tract infection, respectively, than those survival admissions to the CCU ( p < 0.05). Table 5 shows that mortality patient admissions to the EICU had a higher initial mean blood pressure and a longer ED stay time; a higher percentage of CHF with acute pulmonary edema, and chronic obstructive pulmonary disease with AE, respectively, than those mortality admissions to the CCU ( p < 0.05), but had a lower percentage of STEMI ( p < 0.05).
The multiple logistic regression demonstrated that the APACHE II score was the only common predictor for mortality in both groups of patients. In addition, both older age and acute respiratory failure were outcome predictors for patients admitted to the EICU (Table 6 ). In-patient admission to CCU with STEMI, cardiogenic shock, pneumonia, and higher Charlson comorbidity index were related to poor prognosis (Table 7) . After further analysis of the relationship between stratified APACHE II and both groups, KaplaneMeier survival curves showed no statistically significant differences of cumulative survival rates in both the 7-day and in-hospital survival between three different APACHE II scales 21, 22 ( Fig. 2 ).
Discussion
In this study, we evaluated the outcomes of patients with acute cardiovascular emergency beginning in the ED with admission to the EICU compared with those patients admitted to the CCU. In terms of outcome assessment, we demonstrated that there is no statistical significance in 7-day hospital mortality between the patient groups. In addition, by KaplaneMeier survival analysis of the stratification of APACHE II scores, which was the only common predictor for outcomes in both groups of patients, we demonstrated no statistical significances in 7-day and in-hospital mortality between groups. A short-term didactic ED-based critical care, which is delivered in a collaborative and integrated manner by both EPs and cardiologists, can provide comparable critical care quality as a temporary alternative unit for acute critically ill cardiovascular patients. In Taiwan, overcrowding and prolonged ED LOS are very common in tertiary medical centers, especially those in larger public and university-affiliated hospitals, which is detrimental to ED patients' quality of care. 7, 17, 23 Undoubtedly, the admission priority for patients with acute cardiovascular emergencies was first in the CCU, but alternatively the EICU if no CCU bed was available in the hospital admission system. 20 The average boarding time for those ED patients waiting for hospital admission was approximately 21 hours in our ED. To intensify care quality for relatively high-risk patients with a compulsory longer waiting and boarding time, we immediately set up the EICU for critical patients who cannot be admitted to special critical care. 20 In this study, we highlighted that patients admitted to EICU were associated with more complicated clinical diagnosis, severity (evaluated by APACHE II score), and multiple comorbidities accompanied with patients being more elderly (Table 1) . A recent study demonstrated that in a third of hospitals surveyed, care for critically ill cardiovascular patients is provided in a general ICU, 24 and only 16% of the cardiac ICUs had an attending cardiologist of record with a critical care focus. An updated meta-analysis study demonstrated high-intensity staffing is associated with reduced ICU and hospital mortality in critically ill patients. 25 However, within high-intensity staffing models, 24-hour in-hospital intensivist coverage did not reduce hospital or ICU mortality compared with day-time-only intensivist coverage. 25, 26 Our operative system and strategy of EICU would be more likely found in a general ICU that was staffed with 24-hour EPs in close collaboration with the cardiologist and can continuously provide both diagnostic studies and therapeutic interventions for multiple varieties and complexities patients. 20 It was imperative to make patients a first priority who had a definitive diagnosis needing immediate, timely, and effective interventions, including primary coronary intervention (PCI), permanent pacemaker implantation, and were most likely to be admitted to CCU postprocedurally (Table 1) . In this study, one of the most important indicators to review and confirm timely and effective quality of care would be management of patients with STEMI. For STEMI patients, the recommendation of PCI as the preferred reperfusion strategy should be made in a timely fashion to improve outcomes. 27, 28 In this study, of all the STEMI patients, 85.9% (146/170) patients were treated using PCI, with subsequent admission to the CCU. Those patients who did not undergo PCI were mainly personally reluctant, or declined due to old age. Among those who underwent primary PCI, 87.7% (128/146) patients had a door-to-balloon time of < 90 minutes during the study period. About 5.9% of patients (10/170) admitted to the EICU initially did not appear to fit the clinical diagnostic criteria of STEMI, which was diagnosed after sequential electrocardiogram changes and elevation of cardiac enzymes. By using the Taiwan National Health Insurance Research Database (1999e2008), Lee et al 29 demonstrated that the in-hospital mortality rate of patients with acute myocardial infarction decreased from 15.9% in 1999 to 12.3% in 2008. The overall mortality of acute myocardial infarction patients in this study was 13.2% (66/501), which was slightly higher than the value in 2008. In detailed analysis, an objective measurement in our study patients' mean age of 74.1 years was significant higher than the 66.3 years in that study's patients pool. After adjusting for an average age of 66 years, we generated a mortality rate 9.8%, lower than the 12.3% found in the previous article. Furthermore, our study found that there was no association with increased mortality between non-STEMI patients admitted to EICU or CCU. 30 In scrutinizing univariate analysis of clinical characteristics comparing survival to mortality among patients admitted to each EICU or CCU, respectively, in this study (Tables 2 and  3) , we found that old age, poor GCS, higher APACHE II scores and Charlson comorbidity index, CHF with acute pulmonary edema, pneumonia, and acute respiratory failure were common predictors associated with in-hospital mortality. Besides, patient admissions to CCU had more specific predictors of mortality, including STEMI, out-of-hospital cardiac arrest, lower mean blood pressure, and acute renal failure, which were related to poor prognosis. It can be speculated that out of hospital cardiac arrest or STEMI patients with cardiogenic shock and poor perfusion resulting in acute renal failure would be admitted to the CCU with first priority. By comparison, there was also evidence of clinical characteristics in survivals Table 4 Univariate analysis of clinical characteristics among survival patient admissions to emergency intensive care unit (EICU) and coronary care unit (CCU). between groups (Table 4) , which supports the proposition that patients with STEMI, arrhythmia, or complete atrialeventricular block would be likely to be admitted to CCU ( p < 0.05). We found old age, more complicated clinical diagnoses, and multiple comorbidity features for survival among those admitted to the EICU (Table 5 ), in comparison to those survivals admitted to CCU similar to those patients with significant characteristics (Table 1) . The phenomenon could be explained by our ED treating nontrauma patients with an average age of 54.1 ± 25.8 years, and around 51% of these patients were older than 65 years. In the meantime, the average occupancy rate of CCU was around 93%, which could dramatically delay admission time and increase ED length of stay. 16 In addition, our EICU had a lower occupancy rate of 74%, an average of 34-hour short-term LOS (Table 2) , and greater flexibility for critical patient admissions. It is very intriguing to find that undifferentiated elderly patients with multiple comorbidity and organic dysfunction required more dedicated and complex diagnostic procedures or management, including specialist consultations. This might account for this study's finding of both longer ED and hospital LOS for EICU patients rather than CCU patients (Table 1) . In this study, the EICU care model can continuously provide an effective diagnostic process and monitor therapeutic effects, for patients without leaving the ED, to mitigate possible complications for patients with older age, multiple organic insufficiency, and comorbidities.
In terms of outcome-based assessments, we analyzed the primary outcomes in both the 7-day and in-hospital mortality, to evaluate further whether the cause of death would be related to acute illness or chronic comorbidities, and furthermore to ensure care quality in both units. Illness severity and therapeutic intervention at admission to ICU were predictors of short-term mortality, whereas comorbidity was the strongest predictor for long-term mortality. 31 There was no statistical significance in 7-day hospital mortality between the groups, indicating that both units provided equivalent care quality for acute illness management, in spite of higher initial APACHE II Score in the EICU group. The significantly higher in-hospital mortality rate in the EICU group rather than in the CCU group of patients could be attributed to a higher comorbidity index, and multiple chronic comorbidities, infections, and complications in EICU patients. In this study, APACHE II score was identified as the only common predictor of both EICU and CCU mortality by multiple regression analysis. Further stratification of APACHE II score demonstrated no statistical significances in both the 7-day and in-hospital survival by KaplaneMeier analysis (Fig. 2) . This result indicates that, in elderly patients with cardiovascular emergency requiring ICU admission, APACHE II score remains an important predictor for mortality. 8 Our study had several limitations. Firstly, the study design is a retrospective analysis, and thus subject to the limitations of all retrospective studies. Secondly, the potential for selection and outcomes bias exists, despite the fact that all admission decisions are the consensus of EPs and cardiologist. Thirdly, we did not comprehensively study all the ED patients admitted to the EICU, without the International Classification of Diseases diagnoses of inclusion criteria. Fourthly, this study was carried out in a single center study at a tertiary teaching medical center. The results may not be generalizable to other settings with differing admission demographics, diseases characteristics, or management practice. Multicenter studies are also needed to evaluate the proposed caring model, focusing on the efficacy and safety in ED settings. This observational study design has introduced a context for hospital-based preadmission criteria: patients with multiple comorbidities were admitted to EICU rather than CCU due to complex chronic diseases exacerbated by acute illness leading to higher mortality. All decisions focusing on where patients were subsequently transferred depended on both the patients' clinical condition and the judgment of in-charge physicians. Therefore, there would be a probable confounding effect on patient survival. However, we did our best to identify any possible clinical factors with regard to the survival duration between groups (Tables 2e5). To avoid this bias, we used logistic regression models to take into account factors that had some biological plausibility and scientific rationale. A prospective study of two or more centers with similar protocols and managed as a closed unit, but staffed either by ED physicians or non-ED physicians would be informative to address the need for a suitable care model in our health care system.
In conclusion, our study demonstrated there is a feasible model of intensive care delivery by through a combination of EPs and cardiologists for acute cardiovascular emergencies patients after initial ED management. However, further investigation is necessary to confirm a "gold standard" care system for elderly patients with multiple comorbidities requiring immediately invasive interventions, e.g., cardiac catheterization angioplasty and bypass surgery.
